ENERGY-SAVING LIQUID-CRYSTAL MIXTURES 



[0001] The invention relates to energy-saving liquid-crystalline media, in particular in 
twisted nematic (TN) and supertwisted nematic (STN) liquid-crystal displays, having very 
short response times and good steepnesses and angle dependences, and to electro-optical 
display devices containing these media and to the use of these media in electro-optical display 
devices. 

[0002] TN displays are known, for example from M. Schadt and W. Helfrich, Appl. 
Phys. Lett., 18, 127 (1971). STN displays are known, for example from EP 0 131 216 Bl; 
DE34 23 993A1; EP 0 098 070 A2; M. Schadt and F. Leenhouts, 17. Freiburger 
Arbeitstagung Flussigkristalle (8.-10.04.87); K. Kawasaki et al., SID 87 Digest 391 (20.6); 
M. Schadt and F. Leenhouts, SID 87 Digest 372 (20.1); K. Katoh et al., Japanese Journal of 
Applied Physics, Vol. 26, No. 11, L 1784-L 1786 (1987); F. Leenhouts et al., Appl. Phys. 
Lett. 50 (21), 1468 (1987); H.A. van Sprang and H.G. Koopman, J. Appl. Phys. 62 (5), 1734 
(1987); T.J. Scheffer and J. Nehring, Appl. Phys. Lett. 45 (10), 1021 (1984), M. Schadt and 
F. Leenhouts, Appl. Phys. Lett. 50 (5), 236 (1987) and E.P. Raynes, Mol. Cryst. Liq. Cryst. 
Letters Vol. 4 (1), pp. 1-8 (1986). The term STN here covers any relatively highly twisted 
display element having a twist angle with a value of between 160° and 360°, such as, for 
example, the display elements described by Waters et al. (CM. Waters et al., Proc. Soc. Inf. 
Disp. (New York) (1985) (3rd Intern. Display Conference, Kobe, Japan), STN-LCD's 
(DE-A 35 03 259), SBE-LCD's (T.J. Scheffer and J. Nehring, Appl. Phys. Lett. 45 (1984) 
1021), OMI-LCD's (M. Schadt and F. Leenhouts, Appl. Phys. Lett. 50 (1987), 236, 
DST-LCD's (EP-A 0 246 842) or BW-STN-LCD's (K. Kawasaki et al., SID 87 Digest 391 
(20.6)). 
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[0003] STN displays in particular are distinguished, compared with standard TN 
displays, by significantly better steepnesses of the electro-optical characteristic line and 
consequently better contrast values and by significantly lower angle dependence of the 
contrast. 

[0004] Of particular interest are TN and STN displays having very short response times, 
in particular also at relatively low temperatures. In order to achieve short response times, the 
rotational viscosities yl of the liquid-crystal mixtures have hitherto been optimized using 
mostly monotropic additives having a relatively high vapor pressure. However, the response 
times achieved were not adequate for all applications. 

[0005] In order to achieve a steep electro-optical characteristic line in the displays 
according to the invention, the liquid-crystal mixtures should have relatively large values for 
the ratio of the elastic constants K33/K11 and relatively small values for As/s±, where As is 
the dielectric anisotropy and s± is the dielectric constant perpendicular to the longitudinal 
molecular axis. 

[0006] In addition to optimization of the contrast and response times, further important 
requirements are made of mixtures of this type: 

1 . broad d/p window 

2. high long-term chemical stability 

3. high electrical resistance 

4. low fi*equency and temperature dependence of the threshold voltage. 

[0007] There thus continues to be a great demand for liquid-crystalline mixtures, in 
particular for TN and STN displays, having very short response times at the same time as a 
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large working-temperature range, high characteristic Une steepness, good angle dependence of 
the contrast and low threshold voltage which meet the above-mentioned requirements. 
[0008] Furthermore, more recent electro-optical liquid-crystal display devices, for 
example displays of high complexity, and novel electronic equipment containing liquid- 
crystalline media and having diverse and complex functions (for example multifunctional 
mobile telephones) have significantly increased power consumption. This results in an 
increase in current consumption in this equipment and, in particular in equipment operated 
with rechargeable or other batteries, in more rapid discharging, and consequently in shorter 
operating times. The operating costs thus increase and, in particular, the use comfort of the 
equipment, which is usually used in a mobile manner, drops. 

[0009] The present invention therefore has an object of providing liquid-crystalline 
media whose use in electro-optical display devices results in a reduction in power 
consimiption and which simultaneously do not have the other above-mentioned disadvantages 
of conventional liquid-crystal mixtures, or do so to a lesser extent, and at the same time have 
short response times and very good steepnesses. 

[0010] Upon further study of the specification and appended claims, further objects and 
advantages of this invention will become apparent to those skilled in the art. 
[0011] It has now been found that these and other objects are achieved by a liquid- 
crystalline medium comprising 

a component (a) which comprises at least one compoimd of the formula I 
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[0012] where 

L" isHorF; 

r" is alkyl having from 1 to 12 carbon atoms or alkenyl having from 2 to 12 

carbon atoms; 
Z' is a single bond or -COO-; and 

F 






[0013] and 

a component (P) which comprises at least one compound of the fomiula n 



where 

R^^ is alkyl having from 1 to 12 carbon atoms or alkenyl having from 2 to 12 

carbon atoms; 

R^^ is alkyl having from 1 to 12 carbon atoms or alkenyl having from 2 to 12 

carbon atoms, in which one -CH2- group may be replaced by oxygen; 
where the following applies for the dielectric anisotropy Aecorr of the liquid-crystalline 
medium: 

^5-Fio + 32 

^^corr ^ —2 

V^o' (1). 
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[0014] (In equation (1), Aecorr denotes the dielectric anisotropy Aeexp determined 
experimentally at Texp and corrected in accordance with equation (2) to a clearing point of the 
liquid-crystalline medium of 373 K (100°C) 



1- 

V 


T ^ 

exp 


QJ2 


373^^ 








T \ 

exp 


0.22 




T 





(2) 



where 

Texp = 293 K (20^C) and 
Tci.p. = clearing point in 

and Vio denotes the threshold voltage of the Uquid-crystalline medium (having a transmission 
of 10%) in an STN display having a pretilt angle of 5° and a twist angle of 240° at 293 K and 
vertical incidence in yellow mode). 

[0015] The use of the liquid-crystalUne mediimi according to the invention in an electro- 
optical display device effects not only 

• high steepness of the electro-optical characteristic line 

• low temperature dependence of the threshold voltage and 

• very fast response times, in particular at low temperatures, 

but also reduces, in particular, the energy consumption thereof compared with the use of 
conventional liquid-crystalline media. It has been found that compliance with the condition 
for dielectric anisotropy indicated in equation (1) is essential here. Without wishing to claim 
that it is possible to give a comprehensive theoretical explanation for this effect, one reason 
for this energy-saving effect may possibly be that compliance with the condition indicated in 
equation (1) causes the dielectric anisotropy of the energy-saving liquid-crystalline medium 
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of the present invention present in an electro-optical display device to drop to such an extent 
that the total current consumption and thus the power consxmiption of the electro-optical 
display device as a whole drops via a reduction in the capacitance of the liquid-crystal 
display. 

[0016] The energy-saving liquid-crystalline media according to the invention thus 
allow - in particular for TN and STN displays - at the same time an improvement in the 
electro-optical parameters, such as steepness of the characteristic line, temperature 
dependence of the threshold voltage and response times, and a reduction in the energy 
consumption by reducing the power consumption of the display containing the liquid- 
crystaUine medium according to the invention. 

[0017] The energy-saving liquid-crystalline media according to the invention sig- 
nificantly shorten, in particular, the response times of TN and STN mixtures with at the same 
time an increase in the steepness and low temperature dependence of the threshold voltage 
and with a reduction in the energy consumption. 

[0018] The media according to the invention are furthermore distinguished by the 
following properties: 

• low viscosity, 

• low rotational viscosity, 

• low threshold voltage and operating voltage, 

• high storage stability in the display at low temperatures. 

[0019] The energy-saving liquid-crystalline medixmi according to the invention is used in 
electro-optical display devices, in particular TN and STN displays. A liquid-crystal display of 
this type comprises, for example, 
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• two outer plates, which, together with a frame, form a cell, 

• a nematic liquid-crystal mixture of positive dielectric anisotropy located in the 
cell, 

• electrode layers with alignment layers on the insides of the outer plates, 

• a pretilt angle between the longitudinal axis of the molecules at the surface of 
the outer plates and the outer plates of from 0 degrees to 30 degrees, and 

• a twist angle of the liquid-crystal mixture in the cell from alignment layer to 
alignment layer with a value of between 22.5"^ and 600°, 

and is characterized in that it contains an energy-saving liquid-crystalline medium as 
described above. 

[0020] Li a particularly preferred embodiment, the meditmi according to the invention 
comprises 

a nematic liquid-crystal mixture comprising 

a) 5 - 75% by weight of a liquid-crystalline component (a), comprising at least 
one compoxmd having a dielectric anisotropy of greater than +1.5; 

b) 25 - 85% by weight of a liquid-crystalline component (P), comprising at least 
one compound having a dielectric anisotropy of between -1.5 and +1.5; 

c) 0 - 20% by weight of a liquid-crystalline component (5); and 

d) optionally an optically active component (%) in such an amount that the ratio 
between the layer thickness (separation of the outer plates) and the natural 
pitch of the chiral nematic liquid-crystal mixture is from about 0.2 to 1 .3, 
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where component (a) comprises at least one compound of the fomiula I and component ((3) 
comprises at least one compound of the formula H, and the following applies for the dielectric 
anisotropy AScoit of the mixture: 

5 • Vio + 32 



As < 



(1). 



[0021] The invention also relates to corresponding liquid-crystal mixtures for use in TN 
and STN displays, in particular in medium- and low-multiplexed STN displays. 
[0022] The fomiula I covers, for example, compounds of the formulae II to 118: 

F 



C.H 



n 2n+1 



C„H 



n 2n+1 




coo- 




coo 




CN 




II 



12 



C„H2„.r^ ^J^COO^(^J>-CN 



C.H 



C„H 



n"2n.1-^ / 




COO 




n"2n+1 ^ / 




COO 




13 



14 



15 
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n' 2n+1 




coo 




ON 



16 




coo- 




ON 



17 





18 



C.H,^,,-CH=CH-(CH2)p— < >- 



^—000 ^^>~CN 



19 



CmH2m+rCH-CH-(CH2)p- 




000- 




ON 



no 



C.H2,,,-CH=CH-(CH2)p^ ^^COO^^;^>-CN 



111 




COO 




ON 



112 
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C„H2,,i-CH=CH-(CH2)„-H\ />-COO 




CN 



. 113 



C.H2,,,-CH=CH-(CH2)p^ ^COO-^ . 




CN 



114 



-CN 



115 



C.H2,,,-CH=CH-(CH2)p-^ ^COO^^^^^^CN 

V F 



116 



C„H 



n 2n+1 




CN 



117 



C.H,„,,-CH=CH.(CH,), 




118 



[0023] where n is an integer from 1 to 12, m is an integer from 0 to 10, p is an integer 
from 0 to 10, and m+p is ^ 10. Of these compounds, particular preference is given to those 
which are represented by the formulae lA (= 112) and IB (= 117 and 118): 
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F 




F 

F 




IB 



F 



[0024] in which R'^^ is alkenyl having from 2 to 12 carbon atoms; and R^^® is alkyl 
having from 1 to 12 carbon atoms or alkenyl having from 2 to 12 carbon atoms. Particularly 
advantageous liquid-crystalline mixtures have also proven to be those which, besides the 
most preferred compounds of the formulae lA and/or IB, comprise fiirther compounds of the 
formula I, for example of the formula 13. 

[0025] It is furthermore particularly preferred for n in the compoimds II to 18 and 117 to 
be 2, 3, 4 or 5, i.e. CnH2n+i stands for ethyl, propyl, butyl or pentyl, where in particular n is 2 
(i.e. CnH2n+i stands for ethyl), and for m and p in the compounds 19 to 116 and 118 to be 0 and 
0 or 2 respectively. 

[0026] If the alkenyl-substituted compounds of the formula I can be in the form of E/Z 
isomers, the E-configured alkenyls of the formula I are preferred. 

[0027] The proportion of the particularly preferred compounds of the formulae lA and IB 
in the total amount of the mixtures according to the invention is preferably from 2 to 45% by 
weight, particularly preferably from 3 to 25% by weight and very particularly preferably from 
4 to 20% by weight. 
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[0028] The compounds of the formula n present in the media according to the invention 
include, for example, compounds of the formulae El and 112: 




ni 



112 



where m and p are each an integer from 0 to 10, m+p is < 10, and q is an integer from 1 to 12. 
It is particularly preferred here for m to be 0 or 1 , p to be 0 and q to be 1 , 2, 3, 4 or 5. 
[0029] If the terminally alkenyl-substituted compounds of the formulae HI and 112 can be 
in the form of E/Z isomers, the E-configured alkenyls are preferred. 

[0030] Very particularly preferred compounds of the formula n are the compounds of the 
formulae El a, II2a and II2b: 




Ela 



II2a 



where q is an integer from 1 to 12, in particular from 1 to 5 and very particularly preferably 1 
(i.e. CqH2q+i stands for methyl). 
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[0031] The compounds of the formula n are usually present in the mixtures according to 
the invention in an amount of 3-30% by weight (based on the total amount), preferably 4-25% 
by weight and particularly preferably 5-15% by weight. 

[0032] It is furthermore preferred for component (P) of the liquid-crystalline medium 
according to the invention to additionally comprise at least one compound of the formula Id: 



F 




in 



F 



where R and R , independently of one another, are alkyl having from 1 to 12 carbon atoms 
or alkenyl having from 2 to 12 carbon atoms, in which one -CHi- group may be replaced by 
oxygen. R''' and R^^ are in particular unbranched alkyl radicals. 

[0033] Preferred tolan compounds of the formula HI are those of the formulae Tla, Tib, 
Tic and Tld and of the formula Tie: 



F 



C, 




Tla 



F 

F 



C, 




Tib 



F 
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Tic 



F 

F 



C, 




Tie 



F 



where x in the formulae Tla, Tld and Tie is an integer from 1 to 12, in the formula Tib is an 
integer from 1 to 11 and in the formula Tic is an integer from 1 to 10, z is an integer from 1 
to 10, x+z in the formula Tic is < 11, y in the formulae Tla-Tlc is an integer from 1 to 12 
and in the formula Tld is an integer from 1 to 1 1, and r is an integer from 2 to 12. Particular 
preference is given to compoxmds of the formula Tla where x is 1, 2, 3, 4 or 5 and y is 1, 2, 3, 
4 or 5; of these compounds, most preference is given to those where x = 3 and y = 2 or 4. 
[0034] Compounds of the formula III are usually present in the mixtures according to the 
invention in an amount of 2-40% by weight, preferably 5-30% by weight and particularly 
preferably 7.5-25% by weight. 

[0035] It is furthermore preferred for component (P) of the liquid-crystaUine medium 
according to the invention to additionally comprise at least one compoimd of the formula IV: 
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IV 



where L^^ and L"*^, independently of one another, are H or F; R"*^ is alkyl having from 1 to 12 
carbon atoms or alkenyl having from 2 to 12 carbon atoms; R"^^ is alkyl having from 1 to 12 
carbon atoms, alkenyl having from 2 to 12 carbon atoms or F, where at least one of the 
radicals R"** and R"^^ is alkenyl; and d is 0 or 1. 

[0036] Of these compounds of the formula IV, particular preference is given to 
compounds of the formulae IV 1 to IVl 1 : 




IVl 



IV2 



IV3 



IV4 



IV5 
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IV6 



IV7 



IV8 



IV9 



IVIO 



IVll 



where R"** and R"^^ are each, independently of one another, H, methyl, ethyl or n-propyl, alkyl 
is a linear alkyl chain having from 1 to 7 carbon atoms, preferably n-propyl or n-pentyl, and 
alkyl' is a linear alkyl chain having from 1 to 7 carbon atoms, preferably methyl, n-propyl or 
n-pentyl. 

[0037] It is furthermore preferred for component (a) of the energy-saving liquid- 
crystalline medium according to the invention to additionally comprise at least one compound 
of the formula V: 
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V 



where L^' and L^^, independently of one another, are H or F; and R^^ is alkyl having from 1 to 
12 carbon atoms or alkenyl having from 2 to 12 carbon atoms. L^^ and L^^ are preferably 
simultaneously F, and R^^ is preferably a linear alkyl chain having from 1 to 7 carbon atoms, 
in particular methyl, ethyl, n-propyl, n-butyl or n-pentyl. 

[0038] It is furthermore preferred for component (a) of the energy-saving liquid- 
crystalline medium according to the invention to additionally comprise at least one compound 
of the formula VI: 

F 

where R^^ is alkyl having from 1 to 12 carbon atoms. R^^ is preferably a linear alkyl chain 
having from 1 to 7 carbon atoms, in particular methyl, ethyl, n-propyl, n-butyl or n-pentyl. 
[0039] In addition, component (a) may comprise compounds of the formula Vni : 

in which n is an integer from 1 to 12. 

[0040] In general, the compounds of component (a) have a positive dielectric anisotropy 
As of > +1.5 and on use of the media according to the invention in TN and STN displays 
contribute, in particular, towards reducing the threshold voltage Vio and to low values of the 
rotational viscosity yl, high steepness of the electro-optical characteristic line and fast 
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response times. At least one of the compounds of component (a) has a As of > +1.5, 
preferably > +3, in particular > +8. The compounds of component (a) are present in the 
mixtures according to the invention preferably in a total amount of from 5% by weight to 
75% by weight, more preferably from 9% by weight to 55% by weight and in particular from 
13 to 40% by weight. 

[0041] Further compounds which may be present in component (P) of the energy-saving 
media according to the invention are those of the formulae Vin to XIU: 




[0042] in which 

V^^ and V^^, independently of one another, are H or F; 
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R^^ R^^, R^^\ R^^ ^ and R^^^ independently of one another, are alkyl 

having from 1 to 12 carbon atoms; 
R^^ is F or alkyl having from 1 to 12 carbon atoms, in which one -CH2- group may 

be replaced by an oxygen atom; 
R^^^ is alkyl having from 1 to 12 carbon atoms, in which one -CH2- group may be 

replaced by an oxygen atom; 
R*^^ is F or alkyl having from 1 to 12 carbon atoms; 

R*^^ is alkyl having from 1 to 12 carbon atoms or alkenyl having from 2 to 12 

carbon atoms; 

R^^^ is alkyl having from 1 to 12 carbon atoms or alkenyl having from 2 to 12 

carbon atoms, in which one -CH2- group may be replaced by an oxygen atom; 
^ * is F, CI, CF3, OCF3, OCHF2 or .CH=CF2; 

is -COO- or -CH2O-; 
k, 1 and t, independently of one another, are 0 or 1; 




B 





is or ; and 

F 




^ // 




IS or 




[0043] The formula VUI covers, in particular, compounds of the formulae Vmi to VUIS: 





CnH^o^rA )-o^H,^^, vmi 
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CnH2„.r^^_y-^^v^_^C,H2,., Vffl3 

Ory^2n*^-(^^y-^^^ocJ^^^, vin4 





where n is an integer from 1 to 12, m in the formulae Vini and Vin3 is an integer from 1 to 
12 and in the formulae VIII2 and Vin4 is an integer from 1 to 1 1. CnHin+i and CmHam+i are 
preferably each, independently of one another, a linear alkyl chain having from 1 to 7 carbon 
atoms, in particular methyl, ethyl, n-propyl, n-butyl or n-pentyl. 

[0044] The formula DC covers, in particular, compounds of the formulae IXl to 1X3: 



CnH2„.rH >^COO ( )-C^H^^,, 1X1 





Cn^2n.r-^(^^y-(^iy^ 1X3 

where n and m, independently of one another, are each an integer from 1 to 12. CnH2n+i and 
CmH2m+i are preferably each, independently of one another, a linear alkyl chain having from 1 
to 7 carbon atoms, in particular methyl, ethyl, n-propyl, n-butyl or n-pentyl. 
[0045] The formula X covers, in particular, compounds of the formulae XI to X3: 
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c, 



c, 



c, 




XI 



X2 



'2m+1 



where n is an integer from 1 to 12, m in the formulae XI and X3 is an integer from 1 to 12 
and in the formula X2 is an integer from 1 to 11. CnH2n+i and CmH2mfi are preferably each, 
independently of one another, a linear alkyl chain having from 1 to 7 carbon atoms, in 
particular methyl, ethyl, n-propyl, n-butyl or n-pentyl. 

[0046] The formula XI covers, in particular, compounds of the formulae XII to XII 2: 



C, 



C, 



c, 



c, 



c, 




XII 



XI2 



XB 



XI4 



XI5 
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C, 



C, 



C, 



c, 



c, 



c, 



c, 




XI6 



XI7 



XI8 



XI9 



XIIO 



XII 1 



XI12 



F F 



where n is an integer from 1 to 12. CnH2n+i is preferably a linear alkyl chain having from 1 to 
7 carbon atoms, in particular methyl, ethyl, n-propyl, n-butyl or n-pentyl. Most preference is 
given here to compounds of the formulae XI2, XI5 and XI6. 

[0047] The formula XU covers, in particular, compounds of the formulae Xni to XII7: 
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^n'^2n+1 





F F 




xns 



xn4 



xns 



xn6 



where n and m are each, independently of one another, an integer from 1 to 12. CnH2n+i and 
CmH2m+i are preferably each, independently of one another, a linear alkyl chain having from 1 
to 7 carbon atoms, in particular methyl, ethyl, n-propyl, n-butyl or n-pentyl. 
[0048] The formula Xin covers, in particular, tolan compounds of the formulae Xini to 

xms: 
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c„H,„.,— (\ /) — = — (\ /^c^H,_, xmi 





CnH2n.i^ // = \ /-oc^H^,,, xnn 










xms 



xni6 



CpH2p.i -\J = ^^^_^oCn,H,,,, xms 

where n is an integer from 1 to 12, m in the formulae Xmi, Xin3 and XIIIS is an integer from 
1 to 12 and in the formulae XIII2, Xin4, Xin6 and XIIIS is an integer from 1 to 1 1, and p is 
an integer from 2 to 12. CnH2n+i and CmH2m+i are preferably each, independently of one 
another, a linear alkyl chain having from 1 to 7 carbon atoms, in particular methyl, ethyl, 
n-propyl, n-butyl or n-pentyl, while CpH2p,i is preferably an alkenyl chain having from 2 to 7 
carbon atoms, in particular CH2=CH- and CH2=CH-CH2-CH2-. 
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[0049] Furthermore, component (P) of the Uquid-crystalline media according to the 
invention may comprise compounds of the formulae XIV 1 to XIV3: 



C. 



Q 




XIVl 



XIV2 



XIV3 



F 



where n and m are each, independently of one another, an integer from 1 to 12. CnH2n+i and 
CniH2m+i are preferably each, independently of one another, a linear alkyl chain having from 1 
to 7 carbon atoms, in particular methyl, ethyl, n-propyl, n-butyl or n-pentyl. 
[0050] Compounds of component (P) have predominantly low rotational viscosity values 
and usually values for the dielectric anisotropy As of between +1.5 and -1.5 (without this 
being absolutely necessary for all compoxmds of this component). Their proportion in the 
energy-saving media according to the invention is 25 - 85% by weight, in particular 35 - 80% 
by weight and particularly preferably 40-75% by weight. For the individual selection and 
amount of the compounds of component (p), it must always be ensured that the dielectric 
anisotropy AScorr of the mixture as a whole obeys the above-mentioned equation (1). 
[0051] The liquid-crystalline media according to the invention optionally also comprise 
an optically active component (x) in such an amount that the ratio between the layer thickness 
(separation of the outer plates) and the natural pitch of the chiral nematic liquid-crystal 
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mixture is greater than 0.2. A multiplicity of chiral dopants, some of which are commercially 
available, is available to the person skilled in the art for the component, such as, for example, 
cholesteryl nonanoate (CN), R-811, S-811, R-1011, S-1011, R-2011, S-2011, R-3011, S-3011 
and CB15 (Merck KGaA, Darmstadt, Germany) (see also Table C). The dopants may also be 
employed in combination with one another. The choice of dopants is not crucial per se so 
long as compliance with the limit defined by equation (1) for the dielectric anisotropy Ascoit 
of the mixture as a whole is ensured. 

[0052] The proportion of the compounds of component (x) is preferably from 0 to 10% 
by weight, in particular from 0 to 5% by weight, particularly preferably from 0 to 3% by 
weight (not taking into account the amount data of component (x) when calculating the total 
amoxmt of the mixtures according to the invention), 

[0053] In addition, the liquid-crystalline mixtures according to the invention may also 
optionally comprise up to 20% by weight, in particular from 0 to 15% by weight, of 
component (6); this component (5) comprises compounds which can optionally be utilized for 
fine adjustment of mixture properties for specific applications. Thus, some of these 
compounds can increase the steepness of the electro-optical characteristic line or reduce the 
temperature dependence of essential mixture parameters. It should be noted here that they 
may influence the properties of the liquid-crystalline media according to the invention in such 
a way that the dielectric anisotropy Ascorr of the mixture as a whole increases significantly. 
The amount of the compounds of component (5) employed is therefore restricted to a 
maximum of 20% by weight. 

[0054] The compounds of component (5) are, inter alia, compounds of the formulae XV 
to XIX: 
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XV 



XVI 



xvn 



xvm 



xrx 



where 

and L^^^, independently of one another, are H or F; 



R^^^ is alkyl having from 1 to 12 carbon atoms or alkenyl having from 2 to 12 

carbon atoms; 

j^i6i^ j^i62^ j^i7i^ j^isi^ j^i82 j^i9i^ independently of one another, are alkyl having from 

1 to 12 carbon atoms; 
R^^^ is alkyl having from 1 to 12 carbon atoms or F; 

Y*^^ is F or CI; 

Z^^ is -COO- or -(CH2)2-; and 

s isOorl. 

[0055] The liquid-crystal displays according to the invention preferably comprise no 



compounds of component (5). 
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[0056] Further preferred embodiments of the present invention relate to energy-saving 
Uquid-crystalline media according to the invention which, besides the compounds of 
components (a) and (P) and optionally (6) and (x), comprise Uquid-crystalline compounds of 
the formulae XXI to XX40: 

F 




XXI 




O /= 



> 



0-- 



XX2 



C.H2,,,-0-(CH2)p 




XX3 



Ca,H2,.rCH=CH-(CH2), 




XX4 



R* 




L* 



CH2CH2 (\ />-CN 



XX5 
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CF,0 



/ 



XX13 




XX14 




\ /r~\ / 



XX15 




CHoCH 




XX16 




XX17 




/ 



XX18 




CH2CH2 




XX19 




COO 




XX20 




CH=CH 




XX21 





R* 



XX22 
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CH2CH2 (\ /) ( >-R** XX23 




\ // \ // \ // 




R** XX23 





CH^CH^^ /-\ /-R** XX24 





X ^CH^CH^— <v /^R** XX25 





CH2CH2 (\ />— R** XX26 






CH2CH2 ( y-CHjCHj (\ /-R** XX27 





R** XX28 



XX29 




. /^CH2CH2^ ^\ ^R 








XX30 



XX31 



*^J^VVVVV-F XX32 
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R*— < >-CH2CH2 (\ j) /) ( >-R** XX33 






R*-< ( /) ( >-R** XX34 





R*— ( ( >-< >— <\ />-R** XX35 




XX36 



C„H2„.i— (~ >— ^(^^C^H2,,i XX38 



o 





XX39 



CnH2„.i-< )^ y-CF^O-^ /^C^H^,., XX40 



where 

n and q are each, independently of one another, an integer between 1 and 12; 

m and p are each an integer from 0 to 10, and m+p is < 10; 
L* and L**, independently of one another, are H or F; 

R* and R**, independently of one another, are an alkyl or alkenyl radical having up to 15 
carbon atoms which is unsubstituted, monosubstituted by CN or CF3 or at least 
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least monosubstituted by halogen, where one or more CH2 groups in these 
radicals may also be replaced by -0-, -S-, -C=C-, -CO-O- or -0-CO- in such a 
way that O atoms are not linked directly to one another; and 
Y* is F, CI, or a halogenated alkyl, alkenyl or alkoxy radical having from 1 to 6 

carbon atoms. 

[0057] The proportion of these compounds in the mixtures according to the invention in 
each case depends on the condition indicated in equation (1) for the dielectric anisotropy 
A8corr of the liquid-crystallinc medium being observed. Their proportion is usually not more 
than 20% by weight. 

[0058] For the purposes of the present invention, the term "alkyl" means a saturated 
unbranched or branched (aliphatic) hydrocarbon radical, preferably having 1, 2, 3, 4, 5, 6, 7, 
8, 9, 10, 11 or 12 carbon atoms. The hydrocarbon radical is preferably unbranched and has 
from 1 to 7 carbon atoms. Particularly preferred examples are methyl, ethyl, n-propyl, n-butyl, 
n-pentyl, n-hexyl and n-heptyl. 

[0059] For the purposes of the present invention, the term "alkenyl" means an 
xmbranched or branched acyclic (aliphatic) hydrocarbon radical having at least one C=C 
double bond and preferably 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12 carbon atoms. The hydrocarbon 
radical is preferably imbranched and has from 1 to 7 carbon atoms. If the alkenyl radical can 
have the E and Z configuration, i.e. carries at least one substituent on both carbon atoms of 
the C=C double bond, it preferably has the E configuration. Particularly preferred examples 
of alkenyl are vinyl and IE- and 3E-alkenyl having up to 7 carbon atoms, in particular vinyl, 
lE-propenyl, lE-butenyl, lE-pentenyl, lE-hexenyl, lE-heptenyl, 3-butenyl, 3E-pentenyl, 3E- 
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hexenyl, 3E-heptenyl, 4-pentenyl, 4Z-hexenyl, 4E-hexenyl, 4Z-heptenyl, 5-hexenyl and 
6-heptenyl. 

[0060] If one -CH2- group in the alkyl and alkenyl radicals is replaced by oxygen (O), 
this replacement can in principle take place at any point of the alkyl or alkenyl chain. 
Preference is given here to 0-alkyl, O-alkenyl and -CH2-CH2-0-alkyl radicals. 
[0061] As has been shown, setting of the dielectric anisotropy Ascorr of the liquid- 
crystalline mixtures according to the invention in accordance with equation (1) 

^5-Fio + 32 

V\Q (1) 

achieves the desired energy-saving effect. Preference is given to mixtures for which: 

5-F1O + 30.5 



(10; 



'corr jT 

K 10 



particular preference is given to mixtures for which: 

^5-Fio + 29 
A^ < 

[0062] The liquid-crystal mixtures used in the TN and STN cells according to the 
invention are -while complying with the limit indicated in equation (1) - dielectrically 
positive with Ae > 1; particular preference is given here to liquid-crystal mixtures where As > 
3, in particular where Ae > 5. 

[0063] The energy-saving liquid-crystalline media according to the invention are 
distinguished, in particular on use in TN and STN displays with high layer thicknesses, by 
very low total response times (ttot = ton + toff). 

[0064] The liquid-crystal mixtures according to the invention have favorable values for 
the threshold voltage Vio and for the rotational viscosity yl. If the value for the optical path 
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difference d • An is pre-specified, the value for the layer thickness d is determined by the 
optical anisotropy An. In particular at relatively high values for An, the use of liquid-crystal 
mixtures according to the invention is generally preferred since the value for d can then be 
selected to be relatively small, which results in particularly favorable values for the response 
times. However, liquid-crystal displays according to the invention which comprise liquid- 
crystal mixtures according to the invention having smaller values for An are also 
characterized by advantageous values for the response times. 

[0065] The liquid-crystal mixtures according to the invention are furthermore 
characterized by advantageous values for the steepness of the electro-optical characteristic 
line and can be operated with high multiplex rates, in particular at temperatures above 20°C. 
In addition, the Uquid-crystal mixtures according to the invention have high stability and 
favorable values for the electrical resistance and the frequency dependence of the threshold 
voltage. The liquid-crystal displays according to the invention have a large working- 
temperature range and good angle dependence of the contrast. 

[0066] The construction of the Uquid-crystal display elements according to the invention 
from polarizers, electrode base plates and electrodes with a surface treatment such that the 
preferential orientation (director) of the respective adjacent liquid-crystal molecules is usually 
rotated by a value of from 160° to 720° with respect to one another from one electrode to the 
other corresponds to the usual constmction for display elements of this type. The term usual 
construction is broadly drawn here and also covers all derivatives and modifications of the 
TN and STN cell, in particular also matrix display elements and display elements containing 
additional magnets. 
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[0067] The surface tilt angle at the two outer plates may be identical or different. 
Identical tilt angles are preferred. Preferred TN displays have pretih angles between the 
longitudinal axis of the molecules at the surface of the outer plates and the outer plates of 
from 0° to T, preferably from 0.01° to 5°, in particular from 0.1 to 2°. The pretilt angle in 
STN displays is from 1° to 30°, preferably from P to 12° and in particular from 3° to 10°. 
[0068] The twist angle of the TN mixture in the cell has a value of between 22.5° and 
170°, preferably between 45° and 130° and in particular between 80° and 115°. The twist 
angle of the STN mixture in the cell from alignment layer to alignment layer has a value of 
between 100° and 600°, preferably between 170° and 300° and in particular between 180° 
and 270°. 

[0069] The liquid-crystal mixtures which can be used in accordance with the invention 
are prepared in a manner which is conventional per se. In general, the desired amoxmt of the 
components used in lesser amount is dissolved in the components making up the principal 
constituent, advantageously at elevated temperature. It is also possible to mix solutions of the 
components in an organic solvent, for example in acetone, chloroform or methanol, and to 
remove the solvent again, for example by distillation, after mixing. 

[0070] The dielectrics may also comprise fiirther additives laiown to the person skilled in 
the art and described in the literature. For example, 0-15% by weight of pleochroic dyes may 
be added. 

[0071] The compoimds employed in the liquid-crystalline media according to the 
invention are laiown per se from the literature and can - if they are not commercially 
available - be prepared by processes known from the prior art. 
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[0072] The entire disclosure of all applications, patents and publications, cited herein and 
of corresponding German application No. 10246358.1, filed October 4, 2002, is incorporated 
by reference herein. 

[0073] The present invention is explained in greater detail and illustrated, but not 
restricted, by the following examples. In these examples, the structures of the liquid-crystal 
compounds are indicated by means of acronyms, with the transformation into chemical 
formulae taking place in accordance with Tables A and B below. All radicals CnH2n+i and 
CmH2ni+i in these formulae are straight-chain alkyl radicals having n and m carbon atoms 
respectively. The alkenyl radicals in these examples have the trans-configuration. The coding 
in Table B is self-evident. In Table A, only the acronym for the parent structure is indicated. 
In individual cases, the acronym for the parent structure is followed, separated by a dash, by 
the code shown in the following table for the substituents R\ R^, L\ and L^. Letters set in 
parentheses denote an optionally present radical or an optionally present atom; thus, for 
example, PCH-n(0)m covers both PCH-nm and PCH-nOm. 



Code for R\ L', 





R' 




L' 






nm 


CnH2n+l 


CniH2m+l 


H 


H 


H 


nOm 


CnH2n+l 


OCmH2m+l 


H 


H 


H 


nO.m 


O CnH2n+l 


CmH2nrH 


H 


H 


H 


n 


CnH2n-fl 


CN 


H 


H 


H 


nN.F 


CnH2n+l 


CN 


H 


H 


F 


nN.F.F 


CnH2n+l 


CN 


H 


F 


F 


nF 


CnH2n+l 


F 


H 


H 


H 


nOF 


O CnH2n+l 


F 


H 


H 


H 


nF.F 


CnH2n+l 


F 


H 


H 


F 


nmF 


CnH2n+l 


CniH2m+l 


F 


H 


H 


nOCFa 


CnH2n+l 


0CF3 


H 


H 


H 


n-Vm 


CnH2n-M 


-CH=CH-CmH2mi-l 


H 


H 


H 


nV-Vm 


CnH2n+l -CH=CH- 


-CH=CH-CmH2iTH-i 


H 


H 


H 
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CECP HD 



[0075] Table B: 




CC-nV-Vm CC-n-V 
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C„H^-{ H >— ( H >— ( O )-C„H 




/J—^ H >— < H 



F 

0>-F 



CCP-Vn-m 



CCG-V-F 




m 2m+l 




H>— C H >-( o;-c H 



m 2m+1 



CCP-nV-m 



CCP-V-m 





PYP-nm 



PTP-ii(0)in 




c„H2„,r-C O )— C O )-F 




CPTP-n(0)in 



PYP-nF 



F 



CDU-n-F 
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CVCP-V-m 
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F 



C, 




F 



PQU-n-N 

F F 



C, 




F 

PGTU-n-F 



PCH-n(0)in CP-nV-N 
[0076] Table C: 

Table C shows possible dopants which can be added to the mixtures according to the 
invention (component (%))• 
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CH3 

CM 44 



C2H5 C2H5 
CM 45 CM 47 
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F 



R/S-2011 
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EXAMPLES 

[0077] The abbreviations used in the examples have the following meanings: 

cl.p. clearing point (nematic-isotropic phase transition temperature), 

S-N smectic-nematic phase transition temperature, 

vise. flow viscosity (mm^/s, at 20^C unless stated otherwise), 

yl rotational viscosity (mPa s, at 20°C unless stated otherwise). 

An optical anisotropy (589 nm, 20°C), 

A8exp dielectric anisotropy (1 kHz, 20°C), 



A^_^ = A^, 



373/: 



corr "•'exp 



J _ exp 



TcLp. J ^^^^^ ^^^^ ^^^^ Oj^)^ 

HTP helical twisting power (determined at 20°C using S-811, unless stated 

otherwise), 

steep characteristic line steepness = (Vgc/^ lo - 1) • 100 [%], 

Vio threshold voltage = characteristic voltage at a relative contrast of 10%, 

V90 characteristic voltage at a relative contrast of 90%, 

ton + W 

t^yg (average response time), 

2 

ton time from switching on until 90% of the maximum contrast has been reached, 

toff time from switching off until 10% of the maximum contrast has been reached. 

Mux multiplex rate, 

tstore low-temperature storage stability in hours (-20°C, -30^C, -40°C) 
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[0078] All temperatures above and below ~ unless stated otherwise - are indicated in °C. 
The percentages are per cent by weight. All values relate to 20°C, unless stated otherwise. 
The displays are addressed, unless stated otherwise, with no multiplexing. The twist is 240°, 
imless stated otherwise. 



r00791 Examole 1 








PCH-3N.F.F 


5.0% 


Clearing point [°C]: 


100.5 


ME2N.F 


2.0% 


An [589 nm; 20°C]: 


0.1337 


ME3N.F 


2.0% 


ASexp [20°C] 


9.2 


PZU-V2-N 


5.0% 


Aecorr [20°C] 


9.1 


PCH-302 


11.5% 


yl [mPa s] 


177 


PTP-201 


5.0% 


HTP[l/nm, 20°C]: 


-11.9 


PTP-102 


3.5% 


Twist [*•]: 


240 


CCG-V-F 


18.0% 


V,o [V]: 


2.12 


CCP-V-1 


5.0% 


Steep 


6.4 


CVCP-V-1 


5.0% 






CVCP-V-Ol 


5.0% 






CVCP-lV-Ol 


3.0% 






BCH-3F.F 


7.0% 






BCH-5F.F 


7.0% 






HD-34 


7.0% 






HP-53 


9.0% 
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[0080] Example 2 



PCH-3N.F.F 

ME2N.F 

ME3N.F 

PZU-V2-N 

PCH-302 

PTP-201 

PTP-102 

CCG-V-F 

CCP-V-1 

CCP-V2-1 

CVCP-V-1 

BCH-3F.F 

BCH-5F.F 

HD-34 

HP-53 



[0081] Example 3 

PCH-3N.F.F 

ME2N.F 

ME3N.F 

ME4N.F 

CC-3-V1 

CC-5-V 

PCH-301 

CCG-V-F 

CCP-V-1 

CCP-V2-1 

CVCP-lV-Ol 

CVCP-V-Ol 

PPTUI-3-2 



5.0% Clearing point [°C]: 100.5 

2.0% An [589 nm; 20°C]: 0.1330 

2.0% Ascxp [20°C] 9.3 

5.0% Aecorr [20°C] 9.3 
9.5% 

5.0% HTP [l/^im, 20°C]: -11.5 

3.5% Twist [°]: 240 

17.0% Vio [V]: 2.09 

10.0% Steep 7.1 



6.0% 
5.0% 
7.0% 
7.0% 
7.0% 
9.0% 



4.0% Clearing point [°C]: 99.4 

2.0% An [589 nm; 20°C]: 0.1314 

3.0% A8exp [20°C] 9.4 

10.0% Aecorr [20°C] 9.4 

8.0% yl [mPa s] 126 

18.0% HTP [l/^im, 20°C]: -10.5 

2.0% Twist [°]: 240 

12.0% Vio[V]: 2.11 

12.0% Steep 7.1 

7.0% 

5.0% 

5.0% 
12.0% 
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[0082] Example 4[GU11 



PCH-3N.F.F 


8.0% 


Cleanng pomt [°C]: 


91.5 


ME2N.F 


2.0% 


An [589 nm; 20°C]: 


0.1391 


ME3N.F 


3.0% 


ASexp [20°C] 


17.0 


ME4N.F 


4.0% 


AScoT [20°C] 


17.4 


PZU-V2-N 


11.0% 






CC-3-V1 


8.0% 


HTP [l/nm, 20°C]: 


-11.8 


CC-5-V 


8.5% 


Twist [°]: 


240 


CCG-V-F 


18.0% 


V,o [V]: 


1.44 


CCP-V-1 


10.0% 


Steep 


6.1 


CVCP-V-1 


5.0% 






CVCP-lV-Ol 


5.0% 






CVCP-V-Ol 


5.0% 






PPTUI-3-2 


12.5% 






100831 Example 5rGU21 








PCH-3N.F.F 


15.0% 


Cleanng point [°C]: 


98.5 


ME2N.F 


3.0% 


An [5 89 nm; 20°C]: 


0.1782 


ME3N.F 


3.0% 


Aeexp [20°C] 


17.4 


ME4N.F 


8.0% 


ACcoiT [20°C] 


17.5 


ME5N.F 


4.0% 






CCG-V-F 


20.0% 


HTP [l/^m, 20°C]: 


-12.6 


CCP-V-1 


7.0% 


Twist [°]: 


240 


CVCP-V-1 


5.0% 


Vio [V]: 


1.39 


CVCP-lV-Ol 


5.0% 


Steep 


6.7 


CVCP-V-Ol 


5.0% 






PPTUI-3-2 


20.0% 






PPTUI-3-4 


5.0% 
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[0084] Example 6rGU31 



PCH-3N.F.F 


13.0% 


Cleanng point [ Cj: 


c\c\ 

99 


ME2N.F 


3.0% 


An [589 nm; 20°C]: 


0.1206 


ME3N.F 


3.0% 


ASexp [20°C] 


19.3 


ME4N.F 


10.0% 


A8co,T [20°C] 


19.4 


ME5N.F 


9.0% 






CCG-V-F 


20.0% 


HTP [l/^m, 20°C]: 


-13.1 


CCP-V-1 


14.0% 


Twist [°]: 


240 


CCP-V2-1 


8.0% 


Vio [V]: 


1.40 


CVCP-V-1 


5.0% 


Steep 


3.9 


CVCP-lV-Ol 


5.0% 






CVCP-V-Ol 


5.0% 






CCPC-33 


3.0% 






CCPC-34 


2.0% 






[00851 Example 7rGU41 








PCH-3N.F.F 


11.0% 


Cleanng point [°C]: 


98.5 


ME2N.F 


2.0% 


An [589 rnn; 20°C]: 


0.1603 


ME3N.F 


3.0% 


A8exp [20°C] 


19.2 


ME4N.F 


7.0% 


Aecorr [20°C] 


19.2 


ME5N.F 


8.0% 






CCG-V-F 


19.0% 


HTP [l/^m, 20°C]: 


-12.8 


CCP-V-1 


14.0% 


Twist [°]: 


240 


CP-IV-N 


8.0% 


V,o [V]: 


1.42 


CVCP-lV-Ol 


5.0% 


Steep 


5.1 


CVCP-V-Ol 


5.0% 






CCPC-33 


3.0% 






PPTUI-3-2 


15.0% 
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[0086] Example SfGUSI 



PCH-3N.F.F 


n AO/ 

9.0% 


uieanng point [ uj: 




rCH-5N.r.r 


C AO/ 

5.0% 


An [589 nm; 20 CJ: 


A 1 QAO 

U. 1 o02 


ME2N.F 


AO/ 

2.0% 


ASexp [20°C] 


ion 


ME3N.F 


3.0% 


Aecorr [20°C] 


19.0 


ME4N.F 


5.0% 






ME5N.F 


6.0% 


HTP[l/^m, 20°C]: 


-12.9 


CCG-V-F 


22.5% 


Twist [^]: 


240 


CBC-33F 


5.0% 


Vio [V]: 


1.43 


CP-IV-N 


9.0% 


Steep 


5.4 


CVCP-lV-Ol 


5.0% 






CVCP-V-Ol 


5.0% 






PPTUI-3-2 


23.5% 






r00871 Examole 9fGU61 










1 r» AO/ 
1 U.Uyo 


L/ieanng point [ c j . 




MiizjN.r 


^ no/ 


An [589 nm; 20 CJ: 


A 1 /lAA 

U. 14U0 


TV >r"COXT 17 

ME3N.F 


C AO/ 

5.0% 


A8exp [20°C] 


2U.5 


ME4N.F 


7.0% 


AScorr [20°C] 


20.7 


ME5N.F 


7.0% 


yl [mPa s] 


209 


HP-3N.F 


6.0% 


HTP [l/^im, 20°C]: 


-12.4 


CC-5-V 


8.5% 


Twist [°]: 


240 


CCG-V-F 


15.0% 


Vio [V]: 


1.32 


CCP-V-1 


9.0% 


Steep 


6.2 


CCP-V2-1 


5.0% 






CVCP-V-1 


5.0% 






CVCP-lV-01 


5.0% 






CVCP-V-Ol 


5.0% 






PPTUI-3-2 


7.5% 
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r00881 Comoarative Example TGUVI 






PCH-3N.F.F 


10.0% 


Clearing point [°C]: 


102 


ME2N.F 


5.0% 


An [589 nm; 20°C]: 


0.1299 


ME3N.F 


5.0% 


Aeexp [20°C] 


21.2 


ME4N.F 


7.5% 


Aec„„[20°C] 


21.1 


ME5N.F 


8.0% 


HTP [l/^im, 20°C]: 


-12.5 


CCG-V-F 


16.0% 


Twist [°]: 


240 


CP-IV-N 


5.0% 


Vio [V]: 


1.42 


CC-3-V1 


8.0% 


Steep 


4.6 










CCPC-34 


4.0% 






CCPC-35 


4.0% 






CCP-V-1 


10.0% 






CVCP-lV-Ol 


5.0% 






CVCP-V-Ol 


5.0% 






PPTUI-3-2 


3.5% 







[0089] This mixture has a value for AScorr. (21.1) which is above the value of 19.4 
calculated in accordance with equation (1) and proves to be a mixture with high energy 
consumption. 

[0090] The preceding examples can be repeated with similar success by substituting the 
generically or specifically described reactants and/or operating conditions of this invention for 
those used in the preceding examples. 

[0091] From the foregoing description, one skilled in the art can easily ascertain the 
essential characteristics of this invention and, without departing from the spirit and scope 
thereof, can make various changes and modifications of the invention to adapt it to various 
usages and conditions. 
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